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^ (57) Abstract: An assay method and kit for detecting specific oral cariogenic bacteria, e.g., mutans streptococci, Lactobacillus 
j — sp. and Actinomyces sp., separately or in combination, comprising gathering a sample suspected of containing cariogenic bacteria; 
^ treating the sample with a stripping buffer to remove host antibodies from bacteria present in the sample; retaining the treated bacteria 
g on a blocked solid phase substrate; reacting the retained bacteria with a primary antibody specific for the desired cariogenic bacteria; 

reacting the primary antibody with a conjugated label producing a detectable signal; and detecting the signal whereby the presence 
Q of the desired cariogenic bacteria is determined in the sample. The device for conducting these assays is a frame or support which 

holds a solid substrate capable of retaiiung the bacteria of interest while permitting drainage of other materials or fluids away from 
^ the retained bacteria. 
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RAPID IMMUNOASSAY FOR CARIOGENIC BACTERIA 



Background of the Invention 
Field of the Invention 

This invention relates to an immunodiagnostic assay method and kit to rapidly detect oral cariogenic 
bacteria, i.e.. mutans streptococci. Lactobacillus sp. and Actinomyces sp.. in human dental plaque, saliva and oral 
rinse samples. 

Description of the Prior Art 

Certain species of oral bacteria have been associated with denial caries in humans (1). The presence of 
mutans streptococci, which includes Streptococcus mutans and Streptococcus sobrinus. is highly correlated with 
dental caries and this lias been widely addressed in the dental literature (1-23) Streptococcus mutans is considered 
the foremost bacterial species associated with the development of human dental caries (12). Various serotypes 
(serovars) of Streptococcus mutans have been described (17). Lactobacillus sp. (2. 3. 13. 14. 18-24) and 
Actinomyces sp. (19. 23-26) have also been associated with human dental canes. Ebersole lias described a 
SEROLOGICAL METHOD FOR THE IDENTIFICATION OF MICROORGANISMS in U.S. patent 4.458.014 
specifically for the identification of diseases of the mouth. Chen et al. have described in U.S. patent 4.866.167 a 
DETECTION OF HUMAN ORAL CELLS BY NUCLEIC ACID HYBRIDIZATION to detect Streptococcus 
mutans and other bacterial species. The methods of both Ebersole and Chen et at. are technically complex, time 
consuming and are not rapid. 

Toshitsugu et at. European patent 0 496 345 Al have described a METHOD FOR DETECTING AND 
QUANTIFYING CARIOGENIC BACTERIA There are several important differences between their invention and 
the invention described herein. Toshitsugu et al. do not strip off antibodies present on bacteria prior to reacting 
bacteria with antibodies. They disperse their sample containing Streptococcus mutans to "an optimal buffer solution 
suitable for the antigen-antibody reaction ." The invention described herein uses a buffer that is not suitable for the 
antigen-antibody reaction and. to the contrary, strips off antibodies from oral bacterial antigens. Toshitsugu et al. 
use conventional millipore membrane filters activated by vacuum (suction), centrifugation. or syringe pressure; the 
' invention described herein uses a flow-through device which filters passively by gravity or wicking action. 
Filtration to Toshitsugu et al. means filtration under pressure using a syringe, suction/vacuum filtration, or 
centrifugation filtration: the invention described herein never uses any of those active types of filtration. Toshitsugu 
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et al have no negative control built into their system: they react the entire surface of the membrane filter. The 
invention described herein reacts in only a spot on the filter surface leaving the surrounding area as a negative 
control which is not possible with their test. Their test also does not exclude the possibility that the peroxidase they 
detect may be of human or microbial origin. The test of Toshitsugu et al is not rapid Their test always takes more 
than one hour— usually from 1 to 18 hours, or longer. The test specified in most of their examples takes over 2 
hours: the test described herein can be performed in 5 minutes Additionally, as mentioned in their example 4. they 
incubate twice at 37° for one hour for their antigen-antibody reaction and indirect labeling: the invention described 
herein never requires an incubator. In all theu* examples, they use a spectrophotometer to read color development in 
fluid: the test described herein never uses a spectrophotometer to read color development: in the test described 
herein color development is done visually against a standard and is not read in fluid. There are some other lesser 
differences, but nevertheless important between their patent and the one described herein. In some cases, they 
disperse the plaque sample by somcation as in their example 13: sonication is never used in the invention described 
herein. 

Their filter is placed in a separate well for color development: the filter is not removed for color development with 
the invention described herein. Also in the invention described herein, polyclonal antibodies are absorbed to make 
them specific; Toshitsugu et al. make no mention of absorption and mention tliat specificity of polyclonal antibodies 
is a problem. Lastly, they have a filter membrane air drying step: the filter in the invention described herein is never 
dried in the air or removed for measurement. 

The use of antisera to mutans streptococci. Lactobacillus sp. and Actinomyces sp.. separately or in 
combination, has not been reported as part of a simple, rapid chairside assay. The rapid detection of these 
cariogenic bacteria assists in the accurate diagnosis and prediction of active dental caries where other methods are 
limited and at a rate faster than now available through Chen et al. Ebersole or Rosenberg et al. U.S. patent 
4,976,951. DENTAL CARIES DIAGNOSTIC AND LOCALIZATION TECHNIQUE. 

Previous methods can detect Streptococcus mutans levels in 48 hours using dental plaque (U.S. patent 
3,746.624) or saliva (Dentocult SM Strip Mutans, Vivacare diagnostic line/VIVADENT. manufactured by Orion 
Diagnostica, Espoo, Finland). These older methods are considered too slow, particularly by dentists seeking 
immediate answers for patients in their care and by persons who are traveling to distant locations where dental 
services are difficult to obtain. What is needed is a simple to operate assay to detect cariogenic bacteria that can be 
developed and read in less than an hour, requires no expensive equipment and can be performed preferably in five 
minutes or less. 
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SUMMARY OF THF. INVENTION 
Accordingly, an object of this invention is an immunodiagnostic assay method for rapidly detecting the 
presence of mutans streptococci. Lactobacillus sp. and Actinomyces sp.. separately or in combination, in human 

dental plaque, saliva or oral rinse samples. 

Another object of this invention is an assay method for rapidly assisting in the assessment of a patient's risk 

for developing dental caries. 

A further object of this invention is an assay method for rapidly determining caries activity (positive for a 
certain level of cariogenic bacteria) of a dental defect suspected of being canous through clinical or radiographic 
examination, or through other means. 

An additional object of this invention is a kit for conducting the rapid immunoassay. 

These and additional objects of the invention are accomplished by an assay for detecting cariogenic 
bacteria, e.g.. mutans streptococci. Lactobacillus sp. m* Actinomyces sp.. separately or in combination, comprising 
gathering a sample suspected of containing the oral bacteria of interest (target), using a stripping buffer to remove 
all host antibodies from the bacteria, immobilizing any oral bacteria present on a solid substrate, contacting the 
sample with polyclonal antibodies (absorbed animal antiserum) and/or monoclonal antibodies that are specific for 
the sought or target oral canogenic bacteria, contacting the antibodies with a label or indicator capable of being 
detected thereby identifying the presence of the antibodies, and detecting the label, whereby the presence of the 
cariogenic bacteria in the sample is determined. The device for conducting these assays is a frame or support which 
holds a solid substrate capable of binding the sought antigens of interest (target) while permitting drainage of other 

materials or fluids away from the bound antigens. 

FiRTF.F DESCRIPTION OF T HF. DRAWINGS 

A more complete appreciation of the invention will be readily obtained by reference to the following 
Description of the Preferred Embodiments and the accompanying drawings in which like numerals in different 
figures represent the same structures or elements. The representations in each of the figures is diagrammatic and no 
attempt is made to indicate actual scales or precise ratios. Proportional relationships are shown as approximations. 

Figure la is an embodiment of the device for the method and illustrates a positive reaction and the presence 
of Streptococcus mutans. 

Figure lb is an embodiment of the device for the method and illustrates a negative reaction and die absence 
of Streptococcus mutans. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The invention is directed to iinmunodia gnostic assays to detect cariogenic oral bacteria. Within this 
invention, the term cariogenic bacteria encompasses Lactobacillus sp. Actinomyces sp. and all mutans streptococci 
including Streptococcus mutatis and Streptococcus sobrinus. The presence of certain levels of mutans streptococci 
and Lactobacillus sp. normally indicates active carious dental lesions or an increased probability to develop such 
lesions. The invention relates to the detection of preferably mutans streptococci, including Streptococcus mutans 
and Streptococcus sobrinus. and also Lactobacillus sp. The invention also relates to the detection of Actinomyces 
sp. which have also been associated with dental caries. The invention would normally detect the different 
cariogenic bacteria separately, but they could be detected in combination. The invention can be used for site- 
specific applications, whole-mouth screening and as part of a risk assessment program. Polyclonal antibodies 
directed against the cariogenic bacteria can be incorporated into an immunodiagnostic to detect or predict active 
carious dental lesions from human dental plaque (site-specific), saliva (whole-mouth screening) or oral rinse (whole- 
mouth screening) samples. The antisera provide a source of antibodies suitable for rapid chairside detection of oral 
cariogenic microbial antigens. This rapid assay method for determining the presence of cariogenic bacteria in oral 
clinical specimens is fully developed and readable in under an hour, usually about five minutes or less. Within this 
invention, the term rapid assay is an assay or test that can be developed in under an hour, preferably in less than one- 
half hour. Most preferably, this assay is fully readable in approximately five minutes or less from the application of 
the patient's dental plaque, saliva or oral rinse sample to the device. The method and equipment are technically easy 
to use. 

Oral cariogenic infections pose a serious oral health problem. This invention will rapidly determine 
whether a specific dental defect which is noted on clinical or radiographic examination, or through other means, is 
an active carious lesion (positive for a certain quantitative level of cariogenic bacteria). This invention will also 
allow the screening of patients for active carious dental lesions and also help identify patients who are at highest risk 
for developing dental caries. The invention is planned as a cornerstone of an institutional caries risk assessment 
program. The value of this invention in a risk assessment program is that by knowing caries risk, treatment 
resources can be directed in the most effective and efficient manner. The primary advantage of this assay method is 
that it can be performed and read in about five minutes compared to 48 hours or longer required for the earlier tests. 
The method is technically simple, sensitive, specific and semi -quantitative. The method can be used in a dental 
operatory with definitive results obtained while the patient is still in the chair, thus allowing treatment decisions to 
be made more rapidly. 
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In general, polyclonal or monoclonal antibodies are prepared in rabbits although other animals can be used 
Antibodies are naturally produced biomolecules which react specifically with other foreign biomolecules called 
antigens. Antibodies are created by immunizing an animal, preferably in this case rabbits, with killed canogenic 
bacteria. A process such as described by Ebersole in U.S. patent 4.458.014 can be used to prepare the antibodies 
This immunization causes the rabbits to produce antibodies that are directed against these bacteria (17). In purified 
form, these antibodies are used as reagents to aid in the rapid detection of the bacteria and early diagnosis or 

prediction of active dental caries in humans. 

In general, the invention is a clinical diagnostic method using polyclonal antibodies directly or indirectly to 
detect the presence of cariogeruc bacteria by a detectable label. The method comprises gathering a sample suspected 
of containing the oral bacteria of interest (target) from a patient. The sample can be gathered from patients by any 
of the known techniques for gathering dental plaque, saliva or oral rinse samples. Samples are generally 
incorporated into suitable sample media. An aliquot of the sample media is placed on a solid substrate, preferably a 
flow-through filter type device (such as marketed by Devaron. Inc.. Dayton. NJ) or a device such as described by 
Oprandy in U.S. patent 5.039.493. The oral bacteria present on the substrate are immobilized and the substrate 
blocked and washed. The substrate can be any of the commonly used substrates such as nitrocellulose filter media 
or any of the materials described by Oprandy. Once the unknown sample is immobilized on the substrate, the 
sample is contacted with previously prepared antibodies that are specific for the sought or target cariogenic bacteria 
(e.g.. mutans streptococci). The antibodies are prepared by known means as described by Ebersole supra or others. 
The antibodies are contacted with a label capable of being detected, thereby identifying the presence of the 
antibodies. Any detectable label or indicator can be used such as enzymes (e.g.. alkaline phosphatase: peroxidase: 
galactosidase: etc.) which react with their substrates to yield an insoluble end product. Labels such as colloidal gold 
coupled to protein-A, protein-G. or some other protein can also be used. Other suitable detectable labels include 
fluorescent markers, radionuclides, latex particles and others. Once labeled the amount of the target cariogenic 
bacteria in the sample can be semi-quantified by detecting the relative strength of the color development produced 
by the labeling process. 

Alternative embodiments can use monoclonal antibodies to the cariogenic bacteria instead of polyclonal 
rabbit sera. Additionally, the primary antibody can be conjugated with a label directly bypassing the need for a 
second conjugate label or secondary antibody. Also, the use of colloidal gold or other labels such as enzymes or 
fluorochromes can be attached to several probes such as prot ? in-A, protein-G.. goat anti-rabbit IgG, goat ami-mouse 
IgG. and others. Amplification of results can also be achieved by the well known biotin-avidin method. 
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In an additional alternative embodiment site specific plaque samples are assayed to assess levels of 
cariogenic bacteria at sites within a mouth. A site specific assay can be accomplished by pre-flossing the 
interproximal contact area of interest, placing a paper point (or floss section) just below the contact area, and adding 
a small amount of an appropriate buffer solution to the contact. The buffer solution will penetrate eavitated carious 
lesions and bacteria will be w icked with the buffer solution into the paper point. The paper point can then be tested 
using the general procedures in the example to follow . 

Having described the invention, the following example is given to illustrate specific applications of the 
invention for Streptococcus mutans. including the best mode now know n to perform the invention. The test can be 
configured to detect other mutans streptococci. Lactobacillus sp. and Actinomyces sp. primarily by substituting the 
primary antibody specified in step (e) below . This specific example is not intended to limit the scope of the 
invention described in this application. 

EXAMPLE 1 

An immunoassay to rapidly detect mutans streptococci, more specifically Streptococcus mutans. is 
described as follows: 

(a) A clinical specimen of human saliva suspected of containing the bacteria of interest (Streptococcus 
mutans bacterial cells) is collected by having a patient masticate chew ing gum for 30 seconds after which the patient 
expectorates their saliva into a small (30 ml) specimen cup. 

(b) Three drops (150 |il) of the saliva are removed from the specimen cup with a bulb dropper and placed 
into a small (1.7 ml) sample vial. Three drops (150 jj.1) of an antibody stripping buffer are then added to the vial. 
The stripping buffer consists of MonoPure Elution Buffer (cat. no. 1851520, lot no. 870127087, Pierce Chemical 
Co. ? Rockford IL) with 1% Tween-20 (no. 170-6531, Bio-Rad Labs) which is mixed 1:1 with 2 M sodium acetate 
buffer, pH 8.0. Mixing is completed by closing the cover on the sample vial and shaking vigorously. 

(c) One drop (5 jxl) of the saliva -stripping buffer solution of step (b) is spotted onto a pre-blocked, flow - 
through filter device (Devaroru Inc., Dayton, NJ, 0.45 jim) using a pipette or similar device. The solution is allowed 
to flow through completely, usually within 10 seconds. The flow-through filter device is pre-blocked to prevent 
nonspecific binding using a blocking solution of 0.05% gelatin (catalog no. G-8. 275 Bloom; lot no. 734286, Type A 
purified grade CAS reg. 9000-70-8. Fisher Scientific Co.) plus 0.05% skim milk, dehydrated (Difco, no. 0032-01. 
control no. 704524) in phosphate buffered saline (PBS). The blocking solution is heated to 56°C overnight (about 
18 hours). PBS, pH 7.4, 1 L. is prepared as follows: 
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PBS, pH 7.4 1 L 

Distilled water 1000 ml 

NaCl 8 0 g 

KH ; POj 0.2 g 

Na : HP0 4 .12H : 0 2.9 g 

KCl 0.2 g 

NaN 3 0.2 g 

(d) The filter surface of the flow-through filter device is washed and blocked with 1 drop (50 n» of a 
solution made by adding 0.05% Tween-20 (no. 170-6531. Bio-Rad Labs) to the blocking solution described in step 
(c) above (i.e.. 0.5 ml/L). The washing solution is allowed to flow through the filter. 

(e) One drop (50 ul) of specific protein-A affinity purified and absorbed polyclonal rabbit IgG to 
Streptococcus mutans (primary antibody) is then added to the filter surface of the flow-through filter device and 
allowed to flow through. The antibody is rabbit IgG to Streptococcus mutans which has been affinity purified using 
a Protein-A membrane affinity separation device (MASS-Nygene). The test can also be configured to detect other 
mutans streptococci. Lactobacillus sp. and Actinomyces sp. by substituting another appropriate primary antibody in 
this step. 

(f) The filter surface of the flow-though filter device surface is washed and blocked as in step (d). 

(g) One drop of a conjugated label (secondary antibody) is then added to the filter surface of the flow- 
through filter device and allowed to flow through. The conjugated label is prepared from goat anti-rabbit IgG 
(human antibody absorbed: heavy & light chains)-alkaline phosphatase labeled (cat. no. 62-6122. lot no. 50424642. 
Zymed Laboratories. Inc.) which is diluted 1:8 in PBS then 1:4 with Stabilzyme AP (cat. no. SA01-0125. lot no. 
SA01401. BSI Corp. Eden Prairie. MN) for a final 1:32 working dilution. 

(h) The filter surface of the flow-through filter device surface is washed and blocked as in step (d). 

(i) One drop of a liquid substrate is then added to the filter surface of the flow-through filter device and 
allowed to flow through. The liquid substrate is prepared from BCIP/NBT alkaline phosphatase substrate (5-bromo- 
4-chloro-3-indoxyl phosphate/p-nitroblue tetrazolium system)(cat. no. ES006-500 ml. Chemicon International Inc.) 
to which 0.5 mgLevamisole/ml (cat. no. L-9756; Sigma Chemical Co.. St. Louis. MO) has been added. When 
positive for the desired species (or genus) of bacteria, a color develops which varies in intensity with the amount of 
antigen present on the surface of the filter device. An example of color development which is positive for the 
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presence of Streptococcus mutatis is presented in Figure la. An example of a negative reaction to Streptococcus 
mutans is presented in Figure lb. The assay is usually completed in five minutes or less. 

(j) Optionally, the reaction can be stopped or minimized using a reaction stopper solution composed of a 
1:1 volume: volume mixture of 0 1 M EDTA (no. 4653. J.T. Baker Chemical Co.. Phillipsburg. NJ) with tris 
buffered saline. pH 2.8. The final pH = 5.17 and the final EDTA = 0.05 M. If used, two drops (100 ul) of the 
reaction stopper are applied to the filter surface and allowed to flow through. 

Antibody production . New Zealand white rabbits were used for the development of the antibodies in the 
serum using a protocol similar to that described by Ebersole supra or others. The New Zealand white rabbits were 
male, approximately one year of age. and weighed approximately 9 to 10 pounds each. The serological production 
of antibodies in a rabbit system is a common and well-documented procedure. Many suitable established protocols 
are recorded in the scientific literature. The immunization protocol recommended by Ribi Immunochem Research. 
Inc. was used for the present example. Antibodies to specific mutans streptococci, e.g.. Streptococcus mutans and 
Streptococcus sobrimts are not commercially available. 

Test bleeding . After 10 days from the booster injection, approximately 1-5 mis of whole blood were 
collected from each rabbit from a marginal vein of the ear to verify the antibody titer. 

Terminal blood collection . Acceptable titered blood was collected by cardiac puncture and the serum 
separated. Serum was centrifuged at 10.000 x g and the supernatant was preserved by the addition of 0.1% sodium 
azide. 

Absorption and affinity purification of antisera . The antiserum was made specific for Streptococcus 
mutans by absorption with washed microbial antigens. First the antiserum was affinity purified by using a pleated 
capsule recombinant protein- A affinity device (MASS. Nygene Corp.. Yonkers. NY). This membrane affinity 
purification results in relatively pure IgG. For each 1 ml of rabbit IgG solution, 100 mg wet weight of formalin- 
fixed washed whole cells of Streptococcus gordonii ATCC 10558 were mixed and incubated with shaking at 37°C 
for one hour followed by incubation for 12 hours at 4°C. The absorbed antiserum was centrifuged at 16.000 x g for 
60 minutes. The procedure was repeated using the following microbial antigens: Streptococcus mutans isolates 
AHT. BHT. and Streptococcus sobrinus isolates 6715-13 and SL-1. The absorbed antiserum was the specific anti- 
Streptococcus mutans reagent used in the present prototype immunoassay system. 

EXAMPLE 2 

•An immunoassay to rapidly detect Lactobacillus sp. is described as follows: 
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(a) A clinical specimen of human saliva suspected of containing the bacteria of interest (Lactobacillus sp. 
bacterial cells) is collected by having a patient masticate chewing gum for 30 seconds after which the patient 
expectorates their saliva into a small (30 ml) specimen cup. 

(b) Three drops (150 ul) of the saliva are removed from the specimen cup with a bulb dropper and placed 
into a small (1.7 ml) sample vial. Three drops (150 nl) of an antibody stripping buffer are then added to the vial. 
The stripping buffer consists of MonoPure Elution Buffer (cat. no. 1851520. lot no. 870127087. Pierce Chemical 
Co.. Rockford. IL) with 1% Tween-20 (no. 170-6531. Bio-Rad Labs) which is mixed 1:1 with 2 M sodium acetate 
buffer, pH 8.0. Mixing is completed by closing the cover on the sample vial and shaking vigorously. 

(c) One drop (5 ul) of the saliva -stripping buffer solution of step (b) is spotted onto a pre-blocked flow- 
through filter device (Devaron. Inc.. Dayton. NJ. 0.45 um) using a pipette or similar device. The solution is allowed 
to flow through completely, usually within 10 seconds. The flow-through filter device is pre-blocked to prevent 
nonspecific binding using a blocking solution of 0.05% gelatin (catalog no. G-8. 275 Bloom; lot no. 734286, Type A 
purified grade CAS reg. 9000-70-8. Fisher Scientific Co.) plus 0.05% skim milk, dehydrated (Difco. no. 0032-01. 
control no. 704524) in phosphate buffered saline (PBS). The blocking solution is heated to 56' C overnight (about 
18 hours). PBS. pH 7.4. 1 L. is prepared according to step (c) of Example 1. 

(d) Hie filter surface of the flow-through filter device is washed and blocked with 1 drop (50 ul) of a 
solution made by adding 0.05% Tween-20 (no. 170-6531. Bio-Rad Labs) to the blocking solution described in step 
(c) above (i.e.. 0.5 ml/L). The washing solution is allowed to flow through the filter. 

(e) One drop (50 ul) of specific protein-A affinity purified and absorbed polyclonal rabbit IgG to 
Lactobacillus sp. (primary antibody) is then added to the filter surface of the flow-through filter device and allowed 
to flow through. The antibody is rabbit IgG to Lactobacillus sp. winch has been affinity purified using a Protein-A 
membrane affinity separation device (MASS-Nygene). 

(f) The filter surface of the flow-though filter device surface is washed and blocked as in step (d). 

(g) One drop of a conjugated label (secondary antibody) is then added to the filter surface of the flow- 
through filter device and allowed to flow through. The conjugated label is prepared from goat anti-rabbit IgG 
(human antibody absorbed; heavy & light chains)-alkaline phosphatase labeled (cat. no. 62-6122. lot no. 50424642. 
Zymed Laboratories. Inc.) which is diluted 1:8 in PBS then 1:4 with Stabilzyme AP (cat. no. SAO 1-0 125. lot no. 
SA0140L BSI Corp. Eden Prairie. MN) for a final 1:32 working dilution. 

(h) The filter surface of the flow-through filter device surface is washed and blocked as in step (d). 
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(i) One drop of a liquid substrate is then added to the filter surface of the flow-through filter device and 
allowed to flow through. The liquid substrate is prepared from BCIP/NBT alkaline phosphatase substrate (5-bromo- 
4-chloro-3-indoxyl phosphate/p-nitroblue tetrazolium system)(cat. no. ES006-500 ml. Chemicon International Lie.) 
to which 0.5 mg Levamisole/ml (cat. no, L-9756; Signia Chemical Co.. St. Louis. MO) has been added When 
positive for the desired species (or genus) of bacteria, a color develops which varies in intensity with the amount of 
antigen present on the surface of the filter device. An example of color development which is positive for the 
presence of Lactobacillus sp. is identical in appearance to the positive result for Streptococcus mutans presented in 
Figure la. An example of a negative reaction to Lactobacillus sp. is similarly identical in appearance to the negative 
result for Streptococcus mutans presented in Figure lb. The assay is usually completed in five minutes or less. 

(j) Optionally, the reaction can be stopped or minimized using a reaction stopper solution composed of a 
1:1 volume:volume mixture of 0.1 M EDTA (no. 4653, J.T. Baker Chemical Co.. Phillipsburg. NJ) with tris 
buffered saline, pH 2.8. The final pH = 5.17 and the final EDTA = 0.05 M. If used, two drops (100 ul) of the 
reaction stopper are applied to the filter surface and allowed to flow through. 

Antibodies to Lactobacillus sp. were produced in a manner similar to that described for Streptococcus 
mutans in Example 1. Antisera for Lactobacillus sp. were absorbed and purified in a manner similar to that 
described for Streptococcus mutans in Example 1. 

The assay does not have to be conducted in the particular order between immobilizing the antibody and 
antigen. In a preferred commercial embodiment, the known antibodies are immobilized on a solid substrate, 
preferably nitrocellulose media which is part of a flow-through filter device or similar. The device is then packaged 
until needed, preferably with the materials, reagents and instructions necessary to perform the assay. When needed, 
the device is removed from the packaging and a suspected antigen-containing sample is placed on the antibody- 
containing substrate surface. The substrate surface is then blocked and washed. An antibody label or indicator 
which reacts with the target bacterial antigens is then applied. When the conjugated label is alkaline phosphatase in 
the presence of a BCIP/NBT substrate system, a color will develop as shown in Figure la for samples positive for 
certain levels of Streptococcus mutans. 

ADVANTAGES AND NEW FEATURES 

The invention can be used to evaluate site-specific areas of concern for caries activity, as a dental caries 
screening device and to assist in the assessment of a patient's overall risk for developing caries. The primary' 
advantage of this assay method is that it can be performed and read in about five minutes compared to 1-48 hours 
required for the earlier tests. The method is technically simple to perform, sensitive, specific and semi-quantitative. 
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The method can be used in a dental operatory with definitive results obtained while the patient is still in the chair, 
thus allowing more rapid treatment decisions to be made. 
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teaching. It is therefore to be understood that within the scope of the appended claims, the invention may be 
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embodiments. It is to be understood that the terminology and phraseology herein is for the purpose of description 
and not of limitation. 
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What is claimed is: 

Claim 1. A method for semi-quantitatively detecting, in less man 30 minutes, a predesignated. target cariogenic 
bacteria in a sample selected from the group consisting of human dental plaque, saliva, and oral rinse which 
comprises the following steps: 

(a) treating the sample with a detergent stripping buffer to remove host antibodies from any target 
cariogenic bacteria present in the sample: 

(b) sporting onto and filtering the stripping buffer treated bacteria suspension or solution through a blocked 
solid phase substrate thereby retaining the treated target bacteria in a spot on the blocked solid phase substrate: 

(c) reacting the retained treated target bacteria spot with a primary antibody specific for the target 
cariogenic bacteria: 

(d) previously, simultaneously or subsequently to said primary antibody reacting with the target cariogenic 
bacteria, reacting the primary antibody with a conjugated label producing a detectable signal; and 

(e) detecting the signal whereby the presence of the target bacteria is determined in the sample by the 
intensity of the signal. 

Claim 2. The method of Claim 1 wherein the conjugated label is selected from the group consisting of a label 
conjugated to a secondary- antibody specific for the primary antibody, a label conjugated to Protein A. and a label 
conjugated to Protein G. 

Claim 3. The method of Claim 2 wherein the label is selected from the group consisting of colloidal gold, enzymes, 
fluorescent markers, radionuclides, and latex particles. 

Claim 4. The method of Claim 2 wherein the conjugated label is selected from the group of enzymes consisting of 
alkaline phosphatase, peroxidase, galactosidase, glucose oxidase, and urease. 

Claim 5. The method of Claim 1 wherein the primary antibody is labeled before it is contacted with the treated, 
target bacteria. 

Claim 6. The method of Claim 1 wherein the cariogenic bacteria are selected from the group consisting of mutans 
streptococci. Lactobacillus sp. and Actinomyces sp. 

Claim 7. A kit for semi-quantitatively detecting cariogenic bacteria in human dental plaque, saliva, and oral rinse 
samples comprising: 

(i) a blocked solid phase substrate; 

(ii) detergent stripping buffer to remove host antibodies from sample bacteria: 
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(iii) a primary antibody that specifically reacts with the cariogenic bacteria: and 

(iv) a conjugated label. 

Claim 8. The kit of Claim 7 wherein the conjugated label is an enzyme conjugated to a secondary antibody specific 
for the primary antibody and the kit further comprises a substrate to enzymatically react with an enzyme-labeled 
secondary antibody. 

Claim 9. The kit of Claim 7 w herein the primary antibody is directly labeled. 
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